The cellular protein profiles and malate dehydrogenases, superoxide dismutases, alkaline phosphatases, and esterases from whole cell extracts of Candida spp. were studied with polyacrylamide gel electrophoresis. We investigated isolates that differed in their ability to assimilate sucrose as the sole carbon source. The protein and enzyme patterns of Candida tropicalis and its sucrose-negative variant "Cdndida paratropicalis Baker, Salkin, Pincus et D'Amato" were indistinguishable. Although the cellular protein and superoxide dismutase patterns of Candida albicans and its sucrose-negative variant "Candida stellatoidea'" were quite similar, differences were noted in the profiles of the other enzymes studied. In addition, the C. stellatoidea isolates were found to be separable, on the basis of their enzyme profiles, into the same two types that have been reported by
The anamorph genus Candida includes a heterogeneous group of yeastlike organisms composed of the anamorphs of both ascomycetous and basidiomycetous fungi (14) . Species identification is based on a number of phenotypic characteristics, of which carbohydrate assimilation is of primary importance. However, because there is a relatively low number of such phenbtypic characters, species may be separated, in some instances, on the basis of a single character. We have studied Candida albicans (Robin) Berkhout and Candida tropiùalis (Castellani) Berkhout; each of these species can be subdivided into two groups based on an ability or inability to utilize sucrose as the sole carbon source. Although the sucrose-negative isolates have been given species status in the past, "Candida stellatoidea (Jones et Martin) Langeron et Guerra" and "Candida paratropicalis Baker, Salkin, Pincus et D'Amato" are now considered to be variants of C. albicans and C. tropicalis, respectively, rather than being distinct species (4, 14) . This decision has been based on both morphologic and physiologic studies including, in the case of C. stellatoidea, DNA reassociation techniques (1, 4, 13, 14) . However, for the sake of clarity, we have chosen to use the older species designations throughout this communication. That a question exists concerning the taxonomic relationship of the sucrose-negative and sucrose-positive strains of Candida species has been reemphasized in the recent report of two types of C. stellatoidea (10) . C. stellatoidea type Il was described as being closer to C. albicans than was C. stellatoidea type T, based in part on pathogenicity for mice and similarity in chromosomal migration patterns.
We report here the cellular protein profiles and enzyme patterns of these four Candida species as determined by using polyacrylamide gel electrophoresis (PAGE). The profiles show a close relationship between C. tropicalis and C. paratropicalis; these were distinct from C. albicans. C. stellatoidea would appear to be separable, as has been reported, into two types (10 (9) , involved mixing 3 to 4 ml of glass beads (0.45 to 0.50 mm diameter; Biospec, Bartlesville, Okla.), which had been cleaned previously with chromic-sulfuric acid cleaning solution (Fisher Scientific Co., Pittsburgh, Pa.), with an equal volume of a 50% (vollvol) suspension of yeast cells in the Tris hydrochloride buffer. The mixture, which was held in a 50-ml polypropylene screw-top tube, was agitated vigorously four times (7, 000 rpm for 20 s each time, room temperature) with a high-speed vortex mixer (Wizard Mixer; Rees Scientific, Lambertsville, N.J.). Before each agitation, the tubes were held in an ice bucket for at least 1 
RESULTS
The cellular protein and enzyme gel patterns are shown in Fig. 1 through 4 . Although only three isolates of each species are shown in each figure, the patterns are typical of all isolates studied. However, it should be noted that in this portion of the investigation, all isolates of C. stellatoidea were type I (10).
The protein (Fig. 1 ) and enzyme patterns (Fig. 2 through 4) clearly distinguish the C. albicans-C. stellatoidea pair from the C. tropicalis-C. paratropicalis pair. No major differences were found between C. tropicalis and C. paratropicalis in any of the gels. An isozymal variant of alkaline phosphatase was detected in 1 of the 10 C. tropicalis strains (Fig. 3) . The stronger upper esterase band of C. tropicalis in Fig. 4 the two widely separate MDH bands in C. albicans (Fig. 2) . However, the most motile MDH band migrated the same distance in preparations of C. albicans and C. stellatoidea isolates. Differences in alkaline phosphatase production were also found; C. albicans produced a single band, but no detectable activity was noted with isolates of C. stellatoidea (Fig. 3) . Finally, esterase bands were distinct, with a faint band presçnt in C. albicans preparations but absent in those of C. stellatoidea (Fig. 4) Fig. 1 . The left-hand arrow points to the position of an extremely faint band of activity seen in lanes 1 through 3 but not in lanes 4 through 6. Central arrows show bands with esterase activity in C. tropicalis and C. paratropicalis. Because the reaction was stopped at a time appropriate for the development of bands in lanes 7 through 12, the band in lanes 1 through 3 was not dense enough to be detected in this photograph. It is equivalent to the faint band seen in lanes 2 through 4 in Fig. 5 , bottom right panel. DISCUSSION alkaline phosphatases and esterases in these species. In addition, similar differences were found in the same enzymes in the C. stellatoidea preparations. Whereas the MDH, alkaline phosphatase, and esterase profiles of the type II C. stellatoidea isolates described by Kwon-Chung et al. were indistinguishable from those of C. albicans, those of type I isolates were clearly different. Thus, in agreement with the findings of Kwon-Chung et al., who studied different characters, we find C. stellatoidea type I isolates to be readily distinguishable from C. albicans and C. stellatoidea type Il isolates. However, although the differences may be viewed as being significant taxonomically and could suggest that the C. stellatoidea type I isolates belong to a distinct species or variety rather than being variants of C. albicans, it must be noted that the characters that differ represent only a part of the descriptions of the organisms. Indeed, DNA homology would seem to argue for a close similarity between C. stellatoidea and C. albicans. Meyer (13) reported that an isolate derived from the same material used to prepare the nomenclatural type of C. stellatoidea (a type I sensu KwonChung et al.) showed a very close DNA homology with C. albicans. Furthermore, our own studies show that the protein and SOD profiles of the C. stellatoidea type I isolates are not observably different from those of other C. albicans isolates, yet the profiles associated with another species, in this case C. tropicalis, are clearly distinct.
In contrast, the cellular protein profile and all of the enzyme profiles of C. tropicalis and C. paratropicalis were found to be virtually indistinguishable. Such similarities are to be expected with PAGE when closely related organisms are compared; these results would support the suggestions of some authors to reduce C. paratropicalis to synoniymy with C. tropicalis (4, 14) . However, taking the total budy of data that have accumulated concerning the isolates of this sucrose-negative variant, there remain several characters by which these may be distinguished from the more typical isolates of C. tropicalis (2, 3 We have studied the cellular protein and enzyme electrophoresis patterns of two pairs of closely related Candida species. Although similar investigations have been used to a limited extent to distinguish Candida species (5, 16, 17) , this is the first investigation to use this tool in studies of the recently reported C. stellatoidea types (10) . Cellular protein and SOD profiles were found to be quite similar in C. albicans and C. stellatoidea; however, differences were noted in the migration of the MDHs and the availability of
